A central role of the hippocampus is to consolidate conscious forms of learning and memory, while performance on implicit tasks appears to depend upon other structures. Recently, considerable debate has emerged about whether hippocampal-dependent tasks necessarily entail task awareness. In the contextual cueing task, repetition facilitation is implicit, but impaired in patients with amnesia. Whether the hippocampus alone or other MTL structures are required is unclear. Event-related functional magnetic resonance imaging revealed hippocampal activity that differentiates novel from repeated arrays. This pattern of results was observed without recognition of the repeating arrays. This finding provides support for the claim that the hippocampus is involved in processes outside the domain of conscious learning and memory.
It has long been understood that damage to the hippocampus and medial temporal lobe structures (MTL) in humans diminishes or eliminates the capacity to form new long-term episodic (autobiographical) and semantic (knowledge) memory (Milner 1972; Takashima et al. 2006) . Together, episodic and semantic memory are termed declarative memory (Cohen et al. 1985) because they both require conscious or deliberative access. Conversely, numerous studies demonstrate implicit forms of learning and memory that are not substantially affected by damage to the hippocampus or MTL (Keane et al. 1995; Stark and Squire 2000) . Implicit forms of learning and memory are demonstrated by experience-dependent changes in task performance and do not require conscious recollection. Examples of implicit forms of learning and memory include perceptual priming or facilitation (repetition leads to greater accuracy and shorter response latency), procedural or skill learning, and simple forms of classical conditioning. The most common interpretation of this evidence is that distinct systems mediate declarative and implicit forms of learning and memory (Squire and Zola 1996; Cohen et al. 1997) . Accordingly, the hippocampus would be critically involved in learning and memory if, and only if, conscious awareness of the contingencies occurs (Clark and Squire 1998; Reed and Squire 1999; Manns and Squire 2001; Smith et al. 2006) .
While there is no meaningful dispute that the hippocampus is required for conscious learning and memory formation, it may serve a broader function. Several studies have been recently published suggesting that the hippocampus is also implicated in certain implicit tasks (Chun and Phelps 1999; Ryan et al. 2000; Greene et al. 2006) . However, for some of these tasks there is controversy about whether they are indeed implicit tasks (Smith and Squire 2005; Smith et al. 2006; Greene 2007) , while for others there is controversy as to whether the task depends upon the hippocampus (Manns and Squire 2001) .
In the contextual cueing task (Chun and Jiang 1998) , context-dependent target search is impaired in MTL amnesics but does not depend upon recognition (Chun and Phelps 1999 ). An array of distractors provides a unique context that determines the target (rotated "T") location (see Fig. 1 ). Normal memory participants show repetition facilitation even though they do not recognize repeated arrays; amnesic patients with MTL damage do not show repetition facilitation (Chun and Phelps 1999) . Both normal memory participants and amnesic patients show a practice-related reduction in reaction time (RT), but only normal memory patients show additional RT facilitation for repeated arrays. Normal memory participants show near chance performance on a subsequent recognition task, indicating that conscious memory processes cannot account for the repetition facilitation effects. This finding demonstrates repetition facilitation, which is impaired in amnesia but is not attributable to declarative memory.
One problem with the interpretation of this finding is ambiguity over whether the hippocampus proper or other temporal lobe structures are mediating repetition facilitation in normal memory participants. The extent of hippocampal damage was assessed in the patient group, but not the extent of concomitant damage to other temporal lobe regions (Chun and Phelps 1999) , so the observed impairment could be due to the loss of extrahippocampal structures. More recently the contextual cueing task produced differential outcomes for hippocampus-only amnesics (CA fields and dentate gyrus only) compared with temporal-lobe amnesics (broad damage to include most of the MTL, virtually all of the hippocampus, as well as other temporal-lobe regions). The temporal-lobe amnesics showed no repetition facilitation, while the hippocampus-only amnesics did show near normal repetition facilitation (Manns and Squire 2001) . This suggests that the ability to implicitly apprehend specific cue-context relations may depend on extra-hippocampal structures and not the hippocampus proper. Thus, the existing evidence does not rule out the hypothesis that the hippocampus is required only for declarative tasks. Problematically, while the temporal-lobe amnesics had nearly complete hippocampal loss, the hippocampusonly amnesics averaged only ∼32% loss of hippocampal tissue with none greater than a 50% loss (Manns and Squire 2001) . Among the hippocampus-only amnesics, if the damaged tissue included critical pathways, the remaining hippocampal volume could be functionally ineffective (e.g., Gold and Squire 2005) . On the other hand, hippocampal damage can spare task-critical pathways (e.g., Mayanagi et al. 2001) , in which case the remaining hippocampal tissue could have mediated performance in 3 these patients. Whether contextual cueing is a hippocampaldependent task is, therefore, unresolved.
One approach that may clarify ambiguous neuropsychological findings is to use functional imaging to elucidate the role of the hippocampus during performance of the contextual cueing task in memory-normal participants. If repetition facilitation on the contextual cueing task depends upon extra-hippocampal temporal lobe structures, we should observe distinct patterns of hemodynamic activity associated with novel and repeated items within temporal-lobe regions but not within the hippocampus proper. If repetition facilitation on the contextual cueing task requires the hippocampus, we should observe distinct patterns of hemodynamic activity for novel and repeated items within the hippocampus proper, which may or may not include extrahippocampal temporal-lobe regions.
We conducted an event-related fMRI study using the contextual cueing task with 26 participants (Sex: 19 f, 7 m; Age: range = 18-38, mean = 21.4, SD = 4.2). The behavioral methods followed those published elsewhere (Chun and Jiang 1998; Chun and Phelps 1999) for normal memory participants, with the exceptions that we used visual instead of auditory feedback and incorporated a random interstimulus interval (ISI). In each of 20 blocks, 12 repeated and 12 novel arrays were presented. Arrays consisted of one target ("T" intersection rotated 90°or 270°) and 11 distractors ("L" intersection rotated either 0°, 90°, 180°, or 270°). Prior to the scanning session, verbal instructions were given, and participants had one block of training as practice. Items presented during practice were not repeated during the experimental scan session. The task was to locate the target and indicate discovery using the right or left key of a button box to indicate the direction of the tail of the "T" target. Each trial consisted of an array displayed for 3 sec followed by 1 sec of visual feedback. Accuracy and RT were recorded for each trial and only correct responses were considered for further analysis. During each block of trials, 12 fixation screens were randomly intermixed with the 24 arrays-12 novel and 12 repeated-which introduced a random ISI necessary for deconvolution analysis of event-related designs. Immediately after scanning, participants were given a recognition test: The 12 repeated arrays were sequenced randomly with 12 novel arrays, and participants were asked for each array if they recognized the array from the initial trials. The recognition task was not done in the scanner because there were an insufficient number of trials for deconvolution.
The RT data for the contextual cueing task were analyzed with a two-way repeated measures ANOVA. The independent variables were (1) Array Type (novel or repeated), and (2) Block (1-20). For the recognition test, accuracy was assessed with a single-sample t-test to determine whether accuracy differed significantly from chance (0.50).
For the fMRI analysis, we grouped the 20 blocks into five imaging runs, each containing 96 trials and 48 fixations, with an interscan interval (TR) of 2 sec. The scanning apparatus and methods for both functional and anatomical data acquisition were identical to those we have published elsewhere (Greene et al. 2006) . Functional images were generated with AFNI software (Cox 1996) . Each image time series was time-shifted and then spatially registered to reduce the effects of head motion. To provide adequate trials for deconvolution, behavioral blocks (1-20) were imaged in sequences of four at a time, yielding five fMRI runs. The deconvolution analysis included regressors for array type (novel vs. repeated), run (1-5) and RT (continuous) to extract hemodynamic responses for the 14-sec period post-stimulus onset. RT was included as a regressor in the analyses to identify the extent to which changes in hippocampal hemodynamic response could be attributed to differences in dwell time for novel and repeated items. Any hemodynamic effect is evident either as a main effect of RT, a main effect of stimulus type (orthogonal to RT), or as an interaction of RT by stimulus type. Area under the curve (AUC) was calculated by summing the hemodynamic responses at all timepoints.
Individual images were transformed into standard stereotaxic space (Talairach and Tournoux 1988) and blurred using a 4-mm FWHM Gaussian filter. GLM analyses were conducted for (1) the main effect of accuracy, (2) the main effect of RT, and (3) the interaction of accuracy and RT. The region of interest (ROI) was anatomically defined as the hippocampus (Binder et al. 2005) . The cluster threshold was 50 µL within the ROI and 200 µL for whole-brain analyses. Minimum cluster thresholds were established using Monte Carlo simulations with voxelwise P < 0.005 and groupwise ␣ = 0.05 (Cox 1996) .
Our behavioral results replicate those found elsewhere for normal-memory participants (Chun and Phelps 1999; Manns and Squire 2001) . Participants' accuracy for determining the direction of the targets was nearly perfect (mean = 97.51% correct). Figure 2 shows the RT data. The main effect of array type (novel versus repeated) was significant (F (1,16) = 12.19, P < 0.01), indicating repetition facilitation (target location for repeated arrays was faster than for novel arrays). The main effect of block (1-20) was significant (F (19,304) = 7.43, P < 0.01), indicating a practice effect. The interaction of array type and block did not reach significance (F (19,304) = 1.24, n.s.), indicating that facilitation did not significantly increase as the number of exposures to repeated items increased. Importantly, the observed repetition facilitation did not depend upon recognition. On the recognition test, we found that participants recognized the arrays at chance (binomial Faster reactions correspond to greater activity. At the left is an interaction plot (the area under the curve for the IRF) for the larger of the two activations. For graphing purposes, the continuous RT variable was split along its median. The functional activity shows that repeated arrays at faster RTs show increased hemodynamic activity compared with novel arrays and repeated arrays at slower RTs, which do not differ significantly from zero. Maps of hemodynamic activity are shown on the right. chance = 0.50; Mean = 0.48; t (15) = ‫,96.0מ‬ n.s.). To further address the possibility that explicit recognition could influence target-location RT, we assessed decision time on the recognition test for novel versus repeated arrays and found no significant difference (novel RT = 3026.4 ‫ע‬ 145.1 msec; repeated RT = 3039.7 ‫ע‬ 143.2 msec; t <1). That recognition took more than twice as long as target location (see Fig. 2 ) further underscores that recognition is unlikely to have contaminated implicit performance. Consistent with our predictions, we found hemodynamic activation in the hippocampal ROIs that were differentially sensitive to array type. Two principle findings are of interest. First, we found a main effect of array type, such that hippocampal activation was less for repeated than for novel arrays (see Fig.  3A ). The observed functional deactivation for repeated arrays is consistent with findings wherein repeated encoding results in decreased hippocampal activity (e.g., Zeineh et al. 2003) . A second area of activation showed a significant RT by array type interaction (see Fig. 3B ), such that for repeated arrays, hippocampal activation increased as RT decreased; that is, hippocampal activity was observed corresponding to repetition facilitation. This activation is comparable to findings from the explicit memory literature demonstrating greater hippocampal activity during successful retrieval (Davachi and Wagner 2002; Strange et al. 2005; Greene et al. 2006) . Thus, the hippocampus differentiates repeated from novel arrays in the absence of conscious recognition. While a comparable division of labor between encoding and retrieval is frequently observed in explicit hippocampal tasks, the respective hippocampal subregions involved vary considerably by task and there is little consensus about how to interpret these differences (Gabrieli et al. 1997; Dolan and Fletcher 1999; Greicius et al. 2003; Eldridge et al. 2005) . However, in this task, involvement of posterior hippocampal regions for both activations may be due to the spatial nature of the task (e.g., Maguire et al. 2003; Goel et al. 2004) . Anatomical connections between the posterior hippocampus, posterior parahippocampal cortices, and parietal systems (Munoz and Insausti 2005) may constitute a network for the acquisition and expression of spatial relational learning (Manns and Eichenbaum 2006; van Asselen et al. 2006) . Importantly, the hippocampal activations are not attributable to differential dwell time for novel and repeated arrays: (1) there was no main effect of RT within the hippocampus; (2) the main effect of array type was orthogonal to RT; and (3) in the interaction, only repeated arrays showed greater activation and only at faster RTs.
Whole-brain tables for factors in the general linear model (GLM) are shown in Table 1 . Note that several temporal lobe regions to include the MTL are involved in both the main effect of array type and in the interaction of array type by RT. While the present experiment was designed to test the involvement of the hippocampus proper in the contextual cueing task, most treatments of declarative memory assert that neither the hippocampus nor surrounding MTL regions are involved in implicit tasks (Squire and Zola 1996; Squire et al. 2004 ); on the other hand, processes involved in familiarity may involve certain MTL regions, but not the hippocampus (for review, see Eichenbaum et al. 2007 ). The purpose of this experiment was to provide converging evidence that the hippocampus is involved in implicit contextual learning. We found that the hippocampal hemodynamic response differentiated novel from repeated items despite the fact that participants could not differentiate the repeated items in a recognition task. Our findings are consistent with neuropsychological findings suggesting that the hippocampus plays a potentially important role in this implicit task (Chun and Phelps 1999) . To our knowledge, no study has found task-differential hippocampal activation in a perceptual priming task.
This finding also helps establish an important and necessary bridge between amnesic studies (which are limited by small samples and substantial variation in focus and extent of damage) and functional imaging studies (limited to showing that an area is involved in a particular process, but not necessarily critical for its performance). Where possible, converging evidence between neuropsychological and functional imaging methodologies provides stronger evidence than either can provide alone.
According to the declarative memory model, contextdependent tasks, such as contextual cueing, involve the hippocampus because the contingencies are sufficiently complex that they require reorganization that may only take place as a deliberate act of memory manipulation (Clark and Squire 1998; Reed and Squire 1999; Manns and Squire 2001) . By this account, context-dependent learning is a subset of declarative memory, which necessarily requires the hippocampus. Conversely, it has been argued that episodic and semantic memory are specific instances of context-dependent learning (Ryan et al. 2000; Greene et al. 2006; Manns and Eichenbaum 2006; Greene 2007) . Accordingly, declarative memory is encoded as associations to context and the necessary context for recognition and recall is provided by retrieval cues (Nyberg et al. 1996; Rudy et al. 2002) . A third hypothesis is that the hippocampus is involved in binding nonpredisposed associations. That is, some types of association formation require synaptic connections where existing connectivity is inadequate. Some of these instances occur where the contextual associations require a complex network (Chun and Phelps 1999; Reed and Squire 1999; Ryan et al. 2000; Manns and Squire 2001; Davachi and Wagner 2002; Greene et al. 2006 ) and some involve multiple cortical systems that span distant regions of cortex (McEchron and Disterhoft 1997; Davachi and Wagner 2002; Eichenbaum 2006) . According to this view, the large proportion of observed hippocampal-dependent tasks that are declarative occurs because declarative memory is generally both context dependent and involves numerous cortical regions (Eichenbaum and Cohen 2001) .
The present results, taken together with neuropsychological findings (Chun and Phelps 1999) , provide converging evidence to suggest hippocampal involvement in a context-dependent task that does not rely on declarative memory. One possibility is that declarative memory is a subset of context-dependent learning and memory, and accordingly, contextual learning is closer to the central role of the hippocampus. Problematically, learning tasks that one might argue are contextual in nature may be independent of the hippocampus (Knowlton and Squire 1996) . Other tasks such as trace conditioning are hippocampal dependent but have no greater claim to context dependency than comparable nonhippocampal-dependent conditioning tasks (McEchron and Disterhoft 1997) . Whereas the present findings tend to argue against declarative memory as the core function of the hippocampus, future research is needed to determine the relative merit of binding and context-driven models.
